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Abstract: The particle discrete element simulation of the instability and failure process of the granular slope accumulator 
model when the metal plate continues downward is obtained, and the two-dimensional total velocity vector of soil particle 
velocity and slope slip during the instability and failure of the slope accumulator are obtained. Macro-response processes 
such as removing the angle of the crack surface and the average velocity in the y-direction of the slope top of the slope 
accumulation body. Construct a normal force chain undirected network model of the slope accumulation body particles under 
natural accumulation, and study the location of its slip surface, and The results are compared with the experimental results. 
Finally, the complex network method is used to analyze the topological characteristics of the contact force chain network of 
the particles on the slope top of the slope accumulation body, and the average degree, clustering coefficient and average 
shortest path are obtained during the slope instability of the slope accumulation body. The evolutionary rule of the method is 
used to verify its accuracy in combination with the strength reduction method. The research results show that the average 
shortest path can provide a more effective early warning of the instability and failure of slope deposits. A complex network 
theory is used to study the macro response of the slope deposits and its force chain. The interrelationship between the 
macroscopic structure of the network provides a new mathematical analysis method for the study of slope instability. 
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1 Introduction 
Slope instability accidents widely exist in geotechnical engineering, environmental science, transportation 
and many other fields. Slope will lose stability and cause landslide due to rain erosion, earthquake and 
impact, which will cause huge economic loss to the society and cause huge life threat to the people. 
Therefore, the study of slope instability has very important theoretical and scientific significance. Limit 
equilibrium method and finite element method are commonly used for slope stability analysis, but the limit 
equilibrium method ignores the internal stress-strain relationship when calculating the sliding force and anti 
sliding force of each rigid block, and the mechanical properties and stress state of different parts of the 
slope are not considered in the finite element method calculation.The above two methods are difficult to 
further describe the discrete failure and movement failure of the slope, and it is difficult to reflect the 
progressive failure process of the slope [1-3]. The discrete element method, which analysis slop failure 
mode from meso parameters, and express soil particles in a discrete way, it can intuitively understand the 
location, width, evolution process and energy transformation of the fission region.Zhou Jian [4] carried out 
numerical simulation on sandy soil slope and cohesive soil slope by using particle discrete element method, 
and obtained that the overall failure of sandy soil slope is plastic flow state, there is no obvious crack on the 
slope, while cohesive soil slope is brittle failure, and instability occurs when deformation exceeds a certain 
amount.Fakhimi, potyondy, backstron, etc[5-8]. studied the deformation and failure characteristics, macro 
properties and micro characteristics of rock mass through simulated uniaxial compression test. Based on 
PFC2D and EDEM software, many scholars such as Yang Bing, Zhang Xiaoxue and Yang Ling studied and 
discussed the macro response of slope failure process[9-13]. Complex networks can effectively characterize 
the mesoscopic structure of particles and is conducive to the study of particle size effect. For granular slope 
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accumulation, it is necessary to define the contact relationship between particles from the micro view, and 
complex network can solve this problem. Through the study of displacement deformation and fracture 
development of slope accumulation body, complex network can quantitatively analyze the instability 
phenomenon of slope accumulation body model from the micro contact field.In recent years, many scholars 
have studied the particle filling field based on the complex network theory, and achieved satisfactory 
results [14-16]. However, at this stage, the analysis methods of complex network are mostly used to 
analyze the compression process of dense particle filling samples, and there is little research on the 
evolution of contact force network in the instability process of granular slope accumulation body from the 
perspective of complex network, which is in the slope instability. It is a new mathematical analysis method. 
In this dissertation, the stability of slope accumulation is studied by using the particle discrete element 
method, A static load is applied to the upper part of the slope accumulation body by the downward pressure 
of the metal plate to simulate the failure and instability process of the slope accumulation body when there 
is a load on the upper part of the slope accumulation body.The simulation results are compared with the 
related experiments. Finally, the complex network theory is introduced to analyze the force chain network 
on the top of the slope accumulation body of cohesive soil particles. Combined with the strength reduction 
method, the accuracy and feasibility of the complex network method for studying the slope accumulation 
body are verified 
2 Numerical Simulation Method and Network Analysis 
2.1 Particle Discrete Element Method 
Hertz Mindlin with bonding bonding model is used, in which particles are bonded together by a certain size 
of "viscous bond". When the maximum normal and tangential shear stress is reached, the viscous bond will 
break. The failure of the viscous bond leads to the failure of the slope.The standard Hertz-Mindlin contact 
model is used to solve the contact problem before the formation of particle bonding. The ratio of normal 
force to moment (Fn,t/Tn,t) of particles returns to 0 after the particles are bonded at time tBOND, and the values 
of normal force and moment are updated at each calculation time step by the following equation: 
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Where A is the contact area; Sn and St are the normal stiffness and tangential stiffness respectively; RB is the 
radius of the "viscous bond"; δt is the time step; νn and νt are the normal and tangential velocities of 
particles; ωn and ωt are the normal and tangential angular velocities respectively. When the normal and 
tangential stresses exceed the preset threshold, the bond will break. Therefore, the maximum values of 
normal and tangential stresses are defined as follows: 
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2.2 Complex network theory 
Complex network is a network with some or all properties of self-organization, self similarity, attractor, 
small world and scale-free. The main parameters of complex networks include degree and degree 
distribution, degree of agglomeration and its distribution characteristics, shortest distance and its 
distribution characteristics, and scale distribution of connected groups 
2.2.1 Degree of node 
The degree ki of node υi is defined as the number of edges connected with the node. Intuitively, the greater 
the degree of a node, the more important the node is in a certain sense. The average value of degree ki of all 
nodes in the network is called the average degree of the network, which is recorded as 〈k〉 
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Where, N is the number of node. 
2.2.2 Clustering coefficient 
The clustering coefficient of complex network measures the clustering degree of a complex network. The 
larger the clustering coefficient of complex network is, the higher the clustering degree of complex network 
is, the closer the relationship between nodes is. Generally, if a node i in a network G has ki edges connected 
with other nodes, this ki node is called "neighbor" of node i. obviously, there may be at most ki(ki-1)/2 edges 
between ki nodes. The ratio of the actual number of edges Ei between ki nodes and the total possible 
number of edges is defined as the clustering coefficient Ci of node i. The average clustering coefficient of 
all nodes i in the network is the network The clustering coefficient is expressed by C, namely: 
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2.2.3 Average path length 
The distance of a node dij is defined as the number of edges on the shortest path connecting two nodes i and 
j. the average path length L in a complex network is defined as the average distance between any two 
nodes. 
 



jiGji
ijd
NN
L
,,1
2
1
1                        （12） 
3 Numerical simulations 
3.1 Computational model 
The discrete element software is used to simulate the process of slope failure. The discrete element model is 
shown in Fig.1. The slope model is composed of 1637 uniform particles with a diameter of 3mm. Fixed end 
constraints are applied to the left, right and bottom surface of the slope. At different positions of the slope 
top, A, B, C and D (xA=-52.5mm, xB =-62.5mm, xC=-72.5mm, xD=-82.5mm) at a certain speed along the Y 
axis Load the soil slope (the origin is the center of the model, that is (200 / 2120 / 2) 
 
 Fig.1 Slope pile model 
The basic characteristic parameters and bond model parameters of soil granular materials are determined by 
compression test [17], as listed in Tab.1 and Tab.2. 
Tab.1 Granular material parameters 
Density 
kg/m
3
 
Shear modulus 
MPa 
Stiffness ratio 
N/m 
Poissonby 
ν 
Static friction coefficient 
μ 
Rolling friction coefficient 
σ 
2000 469 1.5 0.35 0.5 0.001 
Tab.2  BPM parameters 
Normal stiffness 
GN/m
3
 
Tangent stiffness 
GN/m
3
 
Normal critical pressure 
MPa 
Tangential critical pressure 
MPa 
Glue radius 
mm 
1670 667 36 24 0.8 
3.2 Slop failure 
When the metal plate focus on position B (xB = - 62.5mm), the velocity vector of soil particles changes 
with the loading time. At the beginning of loading, the soil on both sides of the metal plate starts to move to 
the left and right sides due to the extrusion effect. The soil on the left side tends to uplift due to the fixed 
constraints on the left side, while the soil on the right side moves downward and to the right under the 
action of deadweight and lower pressure plate due to its proximity to the free end. With the continuous 
downward action of the metal plate, cracks and shear slip failure appear along the slope direction. When the 
loading is stopped, most of the soil particles gradually return to the stable state, and only a small amount of 
soil particles slide down from the slope accumulation under the action of gravity. 
 
(a)t=0.2s   (b)t=0.6s 
 (c)t=0.8s (d)t=1s 
Fig.2 Particle velocity vector diagram of slope deposits 
Compared Fig.3 results with the discrete element experiment [18] of the granular accumulation slope. From 
the simulation results of the change trend of the slope accumulation body and the formation position of the 
slip crack surface, it can be seen that the instability path is mainly a stepped form composed of steep 
inclined faults and gently inclined fractures outside the slope, and the instability mode is mainly local shear 
tension instability mode, The results are basically similar to the experimental results, which verifies that the 
DEM simulation conforms to the law of landslide evolution. Under the condition of a certain slope strength, 
the basic form of slope failure is that sliding moves towards the slope direction, and the results are the same 
as those obtained by Katz [19] and others using DEM 
 
Fig.3 Comparison of deformation of experimental and analog maps 
3.3 Effect of load position 
In order to explore the effect of the load position on the slope failure, the discrete element simulation of the 
slope failure process at different positions of A, B, C, and D is carried out. The results are shown in Figure 
3. It changes with the changing position of the metal plate. When loading position A, the angle of slope 
slipping and cracking surface is 63°, which is slightly larger than the angle of soil slope accumulation; 
when loading position B, the angle of slope slipping and cracking surface is 40° ; When loading position at 
C, the angle of the slope slipping and cracking surface is 31°; when loading position at D, the slope soil is 
only squeezed directly below the loading plate, and the soil on both sides of the loading plate remains in a 
stable state, the tendency of relative motion is small, and there is no slippage and cracking surface. 
  
(a)A(x=-52.5mm) (b)B（x=-62.5mm） 
  
(c)C（x=-72.5mm） (d)D（x=-82.5mm） 
Fig.4 Velocity of soil particles in slope piles at different positions 
According to the experiment of soil change law of slope model under local load at the top of slope [20], the 
maximum horizontal tensile deformation occurs at the upper part of the slope, and the upper soil is more 
prone to deformation under the local load. Then, according to the constraint direction and particle 
characteristics of cohesive soil particle accumulation studied in this thesis, the slope top, E point, is selected 
as the monitoring point. Combined with the simulation results of the previous four groups of slope 
accumulation instability, the y-direction average velocity of measuring point e at the top of slope is 
monitored in real time. 
Fig.5 is the y-direction average velocity-time curve of the slope top measuring point E at different acting 
positions. Compare the average velocity-time curve of the slope top measuring point E at the three different 
acting positions of A, B and C. As the position of the metal plate is farther from the measuring point E on 
the top of the slope, the peak of the upward movement velocity of the measuring point E appears later. This 
is because the farther the loading point is, the longer the transfer time of the compression effect of the metal 
lower plate on the soil; and as the position of the metal plate is farther away from the slope top measuring 
point E, the lower the peak of the downward movement speed of the measuring point E appears. This is 
because the farther the metal plate loading point is, the slope top ,the slippage and cracking surface of the 
soil appears later. From the average speed-time curve of the slope top measuring point E when the acting 
position is D, it can be seen that when the metal plate acting position is far enough from the slope top 
measuring point, the compression effect of the metal plate on the soil can be transmitted to the top of the 
slope, but there will be no slippage and cracking surface. 
 
 Fig.5 The average velocity-time curve of the y-direction of the Monitoring point E of the slope at different action 
locations 
4 Instability analysis of slope accumulation based on complex network 
Using the statistical tools of complex network theory to analyze the network structure of soil particle filling 
structure, quantify the evolution law of mesoscopic structure of soil particles in slope accumulation under 
external load, and better characterize the mechanical characteristics of slope accumulation from static 
accumulation, soil cracking to sliding instability, and the characteristics of slope accumulation body 
instability process. Pajek software is used to calculate the topological parameters of complex network of 
soil particles in slope accumulation 
4.1 Instability Research based on complex network 
Figure 6 shows the force chain network under the natural accumulation of soil particles of slope 
accumulation body. In order to find the location of the slip surface, the contact force network is divided into 
five regions, as shown in Fig. 6. The average degree of network parameters, average shortest path and 
clustering coefficient are calculated and analyzed 
 
Fig.6 Force chain network under natural accumulation of soil particles in slope piles 
Fig.7, Fig.8 and Fig.9 show the evolution process of average degree, average shortest path and clustering 
coefficient of different regions with time when metal plate acts on position B.It can be seen from Figure 7 
that at the beginning of loading, a small amount of fracture occurs in the contact between particles in zone 
II, which leads to a relatively gentle decrease in the average degree of contact force chain network of 
particles.With the continuous action of load, the contact force is greatly lost, and the average degree of 
contact force chain network of soil particles on the top of slope accumulation body decreases 
faster.However, in area of Ⅰ、Ⅲ、Ⅳ、Ⅴ, due to the constraint of fixed end, the deformation of extrusion is 
small, the change of contact force network is small, and the average degree of network is basically 
unchanged.It can be seen from figure 8 that at the beginning of loading, the average shortest path of particle 
contact force network in zone Ⅱ is relatively stable. After loading for a period of time, the average shortest 
path of particle contact force network on the top of slope accumulation body increases sharply, and finally 
the average shortest path of the network is relatively stable. It can be seen from Fig. 9 that during the whole 
loading process, the clustering coefficient of contact force network in zone Ⅱ increases gradually with the 
passage of time, while the change of particle contact force network in zone Ⅰ、Ⅲ、Ⅳ and Ⅴ is also small, 
and the clustering coefficient of network basically does not change. 
 
Fig.7 Average degree - time curve of contact force network in different areas 
 
Fig.8 Average shortest path - time curve of contact force network in different regions 
 
Fig.9 Clustering coefficient - time curves of contact force networks in different regions 
By analyzing the evolution trend of network parameters in Fig. 7, FIG. 8 and Fig. 9, it is concluded that the 
Ⅱ zone of the network have the largest change and can best reflect the instability process. Therefore, only 
the Ⅱ zone of the network are selected for the study. 
The average degree time curve of contact force network of soil particles on the top of slope accumulation 
body during loading is shown in FIG. 10. When the loading position of the metal plate is x = - 52.5mm, x = 
- 62.5mm, x = - 72.5mm, after loading, due to the extrusion of the metal plate on the soil, the contact 
between particles appears a small amount of fracture, and the average degree of contact force chain 
network of particles on the top of slope accumulation body decreases gently; After loading for a period of 
time, cracks and extension cracks appear in the accumulation body of the slope, and the contact force is 
greatly missing. The average degree of contact force chain network of soil particles on the top of the slope 
accumulation body decreases faster; After the formation of sliding crack surface, the slope top of 
accumulation body forms a relatively stable whole, and the change of contact network and average degree 
is small. When the loading position of metal plate is x = - 82.5mm, because the loading position of metal 
plate is far away from the top of slope accumulation, the squeezing effect of soil transferred to the top of 
slope accumulation is weak, and the number of particle contact force fracture is less.Therefore, the change 
of contact network of soil particles on the top of slope accumulation is small, and the change of average 
degree is also small .By comparing the average degree time curves of the contact force network on the top 
of three slopes, x = - 52.5mm, x = - 62.5mm and x = - 72.5mm, it can be seen that the farther the action 
position of the metal plate is from the top of the slope accumulation body, the greater the average degree of 
the final contact force network will be when there is a sliding crack surface. 
 
Fig.10 Curve of average degree and time 
The clustering coefficient time curve of soil particle contact force network on the top of slope accumulation 
body during loading is shown in FIG. 11. In the whole loading process, the clustering coefficient increases 
with time, and the increasing rate increases with the distance between the action position of metal plate and 
the top of slope accumulation body, and the value of clustering coefficient of final network is also larger. 
During the loading process, there is a local extrusion effect on the soil particles of the slope accumulation 
body, which leads to the local aggregation of the contact force network at the top of the slope. The closer 
the metal plate is to the top of the slope, the greater the deformation of the slope body is, the more obvious 
the extrusion effect is, and the closer the local agglomeration of the network is. 
 
Fig.11 Curve of clustering coefficient and time 
The average shortest path time curve of contact force network of soil particles on the top of slope 
accumulation body during loading is shown in FIG. 12. When the position of the metal plate is x = - 
52.5mm, x = - 62.5mm, x = - 72.5mm, the extrusion effect transferred to the top of the slope accumulation 
is relatively small at the beginning of loading, and the average shortest path of the contact force network of 
soil particles on the top of the slope accumulation body is relatively stable. After a period of loading, the 
extrusion effect transferred to the top of the slope accumulation increases, and the accumulation body 
appears cracks and prolongs The average shortest path of the soil particle contact force network on the top 
of the slope accumulation body appears a cliff type mutation. After the formation of the sliding crack 
surface, the slope top of the accumulation body forms a relatively stable whole, and the average shortest 
path of the network remains relatively stable; When the loading position of the metal plate is x = - 82.5mm, 
because the loading position of the metal plate is far away from the top of the accumulation body of the 
slope, the squeezing effect of the soil transferred to the top of the accumulation body of the slope is 
relatively weak. Therefore, the change of the contact network of the soil particles on the top of the slope 
accumulation body is small, and the change of the average shortest path is also small; According to the 
average shortest path time curve of the particle contact force network on the top of the three 72.5mm slopes, 
we can know that the farther the metal plate acts from the top of the slope accumulation body, the later the 
value of the average shortest path appears abrupt change, and the smaller the change 
 
Fig.12 Curve of average shortest path and time  
At different loading positions, the time scatter diagram of the peak velocity of particles at the top of slope 
along the Y direction and the sharp increase of the average shortest path are shown in FIG. 13. The time of 
the peak velocity of particles on the top of the slope is almost the same as that of the average shortest path. 
Therefore, we can use the time of the average shortest path to predict the time of the maximum downward 
velocity of particles at the top of the slope 
 
Fig.13 scatter plot of loading position and time 
4.2 Safety factor based on strength reduction method 
The basic principle of strength reduction method[21] is to reduce the strength parameters of materials until 
failure. Because the discrete element method is used in the simulation, the degradation effect of the 
tangential bond strength and the normal bond strength is different when considering the micro particles, 
and the degradation effect of the tangential bond strength is far greater than that of the normal bond 
strength [22]. Therefore, the normal bond coefficient is defined as 1, and the tangential bond coefficient is 
reduced. In the particle flow discrete element, the deterioration of the friction coefficient is also far away 
Less than the shear bond strength. However, in order to improve the accuracy and facilitate the verification 
of other methods, it is also included in the reduction calculation. 
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Where, 、c  is the true cohesion and internal friction angle of cohesive soil particles; k  is the reduction 
factor; 
kkc 、  is the cohesion and internal friction angle of reduced cohesive soil particles; The safety 
factor of slope is the reduction factor of critical state of slope: 
（15） 
There are many methods to judge the instability of the accumulation slope, among which whether the 
vertical displacement of the top of the slope changes suddenly or not can be used as the criterion of slope 
instability [23]. For different loading positions (as can be seen from the above analysis, the point loading 
position is too far away and has little influence, so it is not analyzed). The safety factor of the slope is 
judged by the trend of the key point velocity time history curve [23].The reduction factor of three different 
loading positions corresponding to different loading time is 1.12. When the reduction coefficient is 1.13, 
the corresponding velocity time histories of the three loading positions do not return to zero at the end of 
the loading period, but remain a fixed state. It can be seen that when the reduction coefficient is 1.12, the 
slope is in a critical state. However, the vertical and horizontal velocity time history curves of e tend to zero 
at 0.2, 0.3 and 0.6 at different loading positions a, B and C, respectively, which is almost the same as the 
time when the average shortest path suddenly increases, and the error is less than 0.01 s. The accuracy and 
feasibility of using the average shortest path sudden increase starting point to predict the instability of slope 
accumulation is verified 
5 Conclusion 
A new analysis method, complex network, is introduced into the study of the topological characteristics of 
the macro response of slope accumulation and soil particle contact force network. The accuracy and 
feasibility of this method are verified by combining the experimental model and strength reduction method. 
The combination of DEM and complex network theory is used to study the instability of slope 
accumulation. It not only overcomes the defect that the finite element method is only suitable for small 
deformation, but also solves the high operation cost of traditional discrete element method in calculating 
the connectivity of rock and soil particles. Compared with the limit equilibrium method, the evolution 
process of slope deformation is presented. 
In the evolution process of contact force chain network of particles on the top of slope accumulation body 
under the action of metal plate, the change trend of average degree of contact force network with time is 
roughly consistent. However, the closer the action position of the metal plate is to the top of the slope 
accumulation body, the decreasing trend of the average contact force network is more obvious. In a certain 
range, the farther the position of the metal plate is from the top of the slope accumulation, the later the 
value of the average shortest path increases abruptly, and the smaller the change is. The clustering 
coefficient increases linearly with the continuous loading. The closer the loading position is to the top of 
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the slope, the faster the growth rate of the clustering coefficient is. When the loading position is far away 
from the top of the slope, the slope accumulation is relatively stable and the clustering coefficient changes 
little. 
The time of the peak velocity of soil particles at the top of the slope is almost the same as that of the 
average shortest path, which is consistent with the time when the velocity time history of slope safety factor 
tends to zero. Therefore, the time when the average shortest path suddenly increases can be used to predict 
the time when the maximum downward velocity of particles at the top of slope appears, so as to predict the 
appearance of slip surface time. 
The average shortest path of complex network parameters is the most effective one to describe the 
instability process of slope accumulation. The sudden increase of average shortest path can give early 
warning of slope accumulation body instability. When the average shortest path of slope particle contact 
force network increases rapidly, the transmission efficiency of slope accumulation body will also decrease 
sharply Slip surface appears and instability failure occurs 
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